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DESCRIPTION 

MOLD FOR CASTING AND METHOD FOR MANUFACTURE THER EOF^ 
TECHNICAL FIELD 

5[001] The present invention relates to a casting die and a 

method of manufacturing a casting die, and more particularly 
to a casting die including a portion which needs to be 
resistant to thermal shocks, the portion being constructed 
of a separate member, so that a main body of the casting die 
10 which is different from the separate member will be replaced 

less frequently than the separate member, and hence castings 
can be manufactured by the casting die at a lower cost, and 
a method of manufacturing such a casting die. 

15 BACKGROUND ART 

[002] For producing a casting such as of aluminum according 

to a casting process, molten aluminum is poured into a 
casting die. Since the molten aluminum is of a high 
temperature, the casting die is generally made of an SKD61 

20 material (Japanese Industrial Standard for representing an 

alloy tool steel) which is of excellent strength at high 
temperatures . 

[003] If a casting die suffers heat cracking, then it is 

difficult to produce aluminum castings of desired 
25 dimensional accuracy from the casting die. Stated 

otherwise, the yield of aluminum castings from the casting 
die becomes low. Accordingly, when heat cracking occurs 



even in a portion of a casting die, the casting die needs to 
be replaced with a new one even though the remaining portion 
of the casting die is free of any heat cracks. Since 
casting dies are generally expensive, however, the 
manufactured aluminum castings become highly costly if they 
are produced from frequently replaced casting dies . 

Heat cracking occurs in a casting die when the 
temperature of the casting die changes abruptly by contact 
with a high- temperature molten metal that is poured into the 
casting die, i.e. , when the casting die is subjected to a 
thermal shock. Consequently, casting dies are required to 
be resistant to thermal shocks. 

To make casting dies resistant to thermal shocks, the 
casting dies are usually processed by surface treatments. 
Specifically, casting dies are coated with a ceramic layer 
such as of TiC, TiN, or the like by a salt bath process, a 
nitriding process such as a gas nitriding process or an 
ionitriding process, a physical vapor deposition (PVD) 
process, or a chemical vapor deposition (CVD) process, or 
coated with a layer comprising a mixture of iron sulfide and 
iron nitride by a sulphonitriding process, or coated with an 
oxide layer of iron oxide by an oxidizing process. 

However, it is difficult to greatly increase the 
service life of casting dies even if they are processed by 
the above surface treatments. Specifically, portions of 
casting dies which are subject to intensive heat shocks, 
e.g., mold recesses that are present in the vicinity of a 
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gate for receiving an introduced molten metal, of all mold 
recesses having a horizontal side wall which extends 
horizontally and a vertical bottom wall which extends 
substantially vertically, are susceptible to heat cracks 
5 even though they are coated with layers applied by the above 

surface treatments . 
[007] It has been proposed to apply carburizing to mold 

portions that are to be resistant to thermal shocks, as 
disclosed in Japanese Laid-Open Patent Publication No. 2002- 
10 121643. However, the proposed carburizing process fails to 

greatly increase the thermal shock resistance of carburized 
mold portions, and to greatly lower the cost of castings 
that are manufactured by the carburized casting dies . 

15 DISCLOSURE OF THE INVENTION 

[008] It is a major object of the present invention to 

provide a casting die which will be replaced less frequently 
and makes it possible to lower the cost of castings produced 
by the casting die, and a method of manufacturing such a 

20 casting die . 

[009] According to an aspect of the present invention, there 

is provided a casting die comprising a main body having a 
wall surface for defining a mold cavity, and a cavity 
forming member having a wall serving as a portion of the 

25 mold cavity, the main body being made of steel, the cavity 

forming member being made of a material which is better with 
respect to at least one of toughness, hardness, and thermal 
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conductivity than the steel which the main body is made of. 

[010] 

The material which is better with respect to at least 
one of toughness, hardness, and thermal conductivity than 
the steel which the main body is made of, is generally 
5 better also with respect to thermal shock resistance. 

Therefore, the portion of the casting die where the cavity 
forming member is provided has excellent toughness and 
thermal shock resistance, i.e., is resistant to heat cracks 
The casting die thus has a long service life, and will be 

10 replaced less frequently than general casting dies. As a 

result, the cost of castings produced by the casting die of 
the present invention is lowered. 
[Oil] Though the material which has the excellent properties 

as described above is generally expensive, the cavity 

15 forming member which is made of the above material is used 

in only a portion of the mold cavity. Consequently, the 
casting die is prevented from becoming expensive. 
[012] Preferred examples of the steel of the main body 

include an SCM material and an SKD material. Of these 

20 materials, the SCM material is preferable because it is 

cheaper and can make the casting die more inexpensive. 
[013] An SCM420 material, which is a type of the SCM 

material, is widely used as the material of molds for 
producing molded plastic articles , as well known in the art . 

25 However, since the service life of casting dies made of the 

SCM420 material is not sufficient in applications where 
molten metals are cast, it has been difficult to use the 
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SCM420 material as the material of casting dies for casting 
molten metals. 

[014] The cavity forming member is made of a material 

selected from the group consisting of maraging steel, an SKH 
5 material, a copper alloy, and a ceramic material, which are 

of higher toughness than the SCM material and the SKD 
material. 

[015] The cavity forming member may be provided as an insert 

die. 

10 [016] If the mold cavity is bent or curved from a gate for 

receiving an introduced molten metal, then the cavity 
forming member should preferably be disposed in a position 
closest to the gate. Stated otherwise, the cavity forming 
member should preferably be disposed in a position in the 

15 mold cavity which is open to relatively large thermal 

shocks . 

[017] The cavity forming member made of a material which has 

excellent thermal shock resistance is disposed in the 
position which is open to relatively large thermal shocks. 

20 Therefore, the casting die is resistant to heat cracks. 

[018] According to another aspect of the present invention, 

there is also provided a method of manufacturing a casting 
die having a main body having a wall surface for defining a 
mold cavity, and a cavity forming member having a wall 

25 serving as a portion of the mold cavity, the method 

comprising the steps of forming a main body of steel with a 
mold cavity defined thereby, defining a recess in a portion 
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of the mold cavity, and placing a cavity forming member made 
of a material which is better with respect to at least one 
of toughness, hardness, and thermal conductivity than the 
steel which the main body is made of, in the recess in the 
5 main body. 

[019] With the above method, the casting die can easily be 

manufactured simply by defining the recess and thereafter 
placing the cavity forming member in the recess. Stated 
otherwise, placing the cavity forming member in the recess 

10 does not make the process of manufacturing the casting die 

complex or troublesome. Therefore, the cost to manufacture 
the casting die and hence the cost to produce castings from 
the casting die are prevented from increasing. 
[020] According to still another aspect of the present 

15 invention, there is further provided a method of 

manufacturing a casting die having a main body having a wall 
surface for defining a mold cavity, and a cavity forming 
member having a wall serving as a portion of the mold 
cavity, the method comprising the step of placing, in a 

20 portion of the mold cavity in the main body which has been 

used in a casting process, a cavity forming member made of a 
material which is better with respect to at least one of 
toughness, hardness, and thermal conductivity than steel 
which the main body is made of. 

25 [021] With the above method, a casting die which has suffered 

a heat crack in a previous casting process and which fails 
to produce a casting of desired dimensional accuracy can be 
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recycled for reuse. Accordingly, the service life of the 
casting die can be further increased for further reducing 
the cost of castings produced from the casting die. 
[022] Yhe cavity forming member may comprise an overlay 

5 deposited by a welding process using a welding rod. With 

this arrangement, since there is no boundary formed between 
the main body and the cavity forming member, heat transfer 
from the cavity forming member to the main body will not be 
obstructed. 

10[023] Alternatively, the cavity forming member may comprises 

an insert die fitted in or joined to the main body. The 
cavity forming member in the form of an insert die can be 
produced more simply and easily than it is produced as an 
overlay deposited by a welding process. 

15[024] If the mold cavity is bent or curved from a gate for 

receiving an introduced molten metal, then the cavity 
forming member should preferably be disposed in a position 
which is open to relatively large thermal shocks, i.e., a 
position closest to the gate. 

20[025] The above and other objects, features, and advantages 

of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a casting die (movable 



8 



mold) according to an embodiment of the present invention; 
[027] FIG. 2 is a plan view of the casting die shown in FIG. 

1; 

[028] FIG. 3 is a perspective view showing the manner in 

5 which a recess is formed in a main body of the casting die; 

[029] FIG. 4 is a perspective view showing the manner in 

which a cavity forming member is placed in the recess; and 
[030] FIG. 5 is a perspective view showing the manner in 

which the cavity forming member is cut. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 
[031] The casting die and the method of manufacturing same of 

the present invention will be explained in detail below with 
reference to the accompanying drawings as exemplified by 

15 preferred embodiments. 

[032] FIG. 1 shows in perspective a casting die 10 according 

to an embodiment of the present invention, and FIG. 2 shows 
in plan the casting die 10. The casting die 10, which 
serves as a movable mold, is combined with a fixed mold (not 

20 shown) to form a mold cavity therebetween for casting an 

automotive transmission case. The casting die 10 comprises 
a main body 12 and a cavity forming member 14 joined to the 
main body 12 by welding. 
[033] The main body 12 is made of an SCM420 material which is 

25 pre-hardened steel. The main body 12 has a gate 16 and a 

cavity surface 18 lying substantially perpendicularly to the 
gate 16 for defining the mold cavity. Since the SCM4 2 0 
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material is inexpensive as well known in the art , the 
casting die 10 is inexpensive. 
[034] The gate 16 is disposed in a lower portion of the 

casting die 10. Therefore, according to the present 
5 embodiment, a molten metal is poured into the mold cavity 

from the lower portion of the casting die 10. 
[°35] The cavity surface 18 has a horizontally oriented 

recess 20 and convexities 22 for shaping an automotive 
transmission case. 

10 [036] The cavity forming member 14 provides a vertical wall 

24 extending from the gate 16 to the cavity surface 18. The 
cavity forming member 14 has an upper end serving as a 
portion of the cavity surface 18 that is closest to the gate 
16. The upper end of the cavity forming member 14 serves as 

15 part of the cavity surface 18. 

[037] The cavity forming member 14 is made of a welded metal 

that is deposited as an overlay by an arc welding (or build- 
up welding) process using a welding rod. Specifically, the 
cavity forming member 14 is made of maraging steel which is 

20 more resistant to thermal shocks than the SCM420 material 

that the main body 12 is made of. 
[038] In the present embodiment, therefore, the vertical wall 

24 extending from the gate 16 to the cavity surface 18 and 
the portion of the cavity surface 18 that is closest to the 

25 gate 16 are provided by the cavity forming member 14 of the 

material which is more resistant to thermal shocks than the 
material that the main body 12 of the casting die 10 is made 
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of. 

A casting process using the casting die 10 according to 
the present embodiment is carried out in the same manner as 
a casting process using a general casting die. First, the 
casting die 10 that operates as a movable mold is brought 
into close contact with the non-illustrated fixed mold, and 
these molds are fastened together, producing a mold cavity 
for casting an automotive transmission case. 

After the casting die 10 and the fixed mold are 
preheated, a molten metal is poured through the gate 16 into 
the mold cavity. 

At this time, the molten metal flows from the gate 16 
along the vertical wall 24 to the cavity surface 18. 
Therefore, the high- temperature molten metal that is poured 
is instantaneously brought into contact with the cavity 
forming member 14. The cavity forming member 14 is 
subjected to a thermal shock that is larger than a thermal 
shock applied to the other portion of the cavity surface 18. 

As described above, the cavity forming member 14 has 
excellent resistance to thermal shocks. Consequently, since 
the cavity surface 18 and the portion of the cavity surface 
18 that is closest to the gate 16 have sufficient thermal 
shock resistance, the casting die 10 is prevented from 
suffering heat cracks , and hence is expected to have a long 
service life. 

As the molten metal is continuously poured into the 
mold cavity, a portion of the cavity surface 18 which is 
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remote from the gate 16 has its temperature increased by the 
heat that is transferred from the molten metal that has 
already been poured. Since the portion of the cavity 
surface 18 which is remote from the gate 16 is subjected to 
5 a smaller thermal shock, that portion of the cavity surface 

18 is not required to have the cavity forming member 14 that 
is comparatively expensive. Accordingly, the cost of the 
casting die 10 is prevented from becoming high. 
[044] When the mold cavity is filled up with the molten 

10 metal, the pouring of the molten metal is finished. 

Thereafter, the mold assembly is left for a predetermined 
period of time to cool and solidify the molten metal into an 
automotive transmission case as a casting. 
[045] Then, the casting die 10 is moved away from the fixed 

15 mold, and the automotive transmission case is removed from 

the fixed mold. 

[046] Then, the automotive transmission case is deburred, and 

the gate 16 and other extra portions are removed from the 
automotive transmission case, whereupon the automotive 

20 transmission case is available as a final product. 

[047] As described above, the casting die 10 according to the 

present embodiment has excellent resistance to thermal 
shocks. Even when the above casting process is repeatedly 
performed on the casting die 10, the casting die 10 is less 

25 susceptible to heat cracks than general casting dies. 

Therefore, the casting die 10 can repeatedly be used over a 
long period of time. Specifically, while a general casting 
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die starts to suffer heat cracks when it has been repeatedly 
used about 2000 times, the casting die 10 can be repeatedly 
used about 4000 times before it suffers heat cracks. Stated 
otherwise, the frequency with which to replace the casting 
5 die 10 is greatly reduced, so that investments for the 

casting facility using the casting die 10 may be reduced and 
hence the cost of castings produced using the casting die 10 
may also be lowered. 
[048] The casting die 10 is manufactured as follows: First, 

10 an ingot of steel is cut and ground into the main body 12 

having the cavity surface 18 and the gate 16 of rough 
dimensions . 

[049] Then, as shown in FIG. 3, the portion of the main body 

12 where the cavity forming member 14 is to be formed, i.e., 

15 the wall of the main body 12 that extends substantially 

vertically upwardly from the gate 16, is machined by an end 
mill 30, producing a recess 32. 
[050] Then, as shown in FIG. 4, a welding rod 36 made of 

maraging steel is melted by an arc welding gun 38, filling 

20 up the recess 32 with the molten metal from the welding rod 

36. Stated otherwise, an overlay of maraging steel is 
deposited in the recess 32. Then, the deposited overlay is 
cooled and solidified into the cavity forming member 14, 
i.e., the cavity forming member 14 is buried in the recess 

25 32. 

[051] Then, as shown in FIG. 5, the exposed surface of the 

cavity forming member 14 is finished by an end mill 40. 
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That is, the cavity forming member 14 is cut to provide the 
vertical wall 24 for producing an automotive transmission 
case of desired dimensional accuracy. In this manner, the 
cavity surface 18 for shaping an automotive transmission 
5 case is formed on the casting die 10. 

[052] If necessary, the casting die 10 is subjected to a 

surface treatment such as a nitriding process, a 
sulphonitriding process, or an oxidizing process, thus 
improving various properties, such as hardness, toughness, 
10 etc., of the main body 12 and the cavity forming member 14 

which are made of steel. 

[053] The main body 12 may be a one which has already been 

used to produce castings. If the main body 12 has suffered 
a heat crack from a previous casting process, then the 
15 cavity forming member 14 is provided in place of the portion 

of the main body 12 which has such a heat crack. The cavity 
forming member 14 may be provided in the same manner as 
described above. 

[054] Therefore, the casting die 10 which has suffered a heat 

20 crack because of a repetition of casting processes can be 

recycled for reuse. The service life of the casting die 10 
is thus increased to lower the cost with which to 
manufacture automotive transmission cases. 
[055] With the above manufacturing process according to the 

25 present embodiment, the casing die 10 of long service life 

can be manufactured simply by forming the recess 32 in the 
cavity surface of the main body 12 and placing the cavity 
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forming member 14 in the recess 32. 

[056] In the illustrated embodiment, the recess 32 is filled 

up with molten metal of the welding rod 36, and thereafter 
the molten metal is cooled and solidified into the cavity 
5 forming member 14. However, a plate member (insert die) of 

maraging steel may be fitted in the recess 32, and the plate 
member fitted in the recess 32 may be joined to the main 
body 12 by welding or the like. 

[057] The cavity forming member 14 may be made of an SKH 

10 material of high hardness or a Cu alloy of good thermal 

conductivity instead of the maraging steel. The cavity 
forming member 14 made of such an alternative material may 
be formed using a welding rod, or may be formed as a plate 
member (insert die) fitted in the recess 32, which may be 
15 joined to the main body 12 by welding or the like. 

[058] Further alternatively, the cavity forming member 14 may 

be made of a ceramic material. The ceramic cavity forming 
member 14 may be formed by a plasma powder welding process. 
The plasma powder welding process may be employed to form 
20 the cavity forming member 14 of maraging steel, an SKH 

material, or a Cu alloy. 

[059] The main body of the casting die may be made of an SKD 

material which is used to make general casting dies. 

[060] As described above, a cavity forming member which is 

25 better with respect to at least one of toughness, hardness, 

and thermal conductivity than a main body of a casting die 
is formed in a portion of a mold cavity, particularly a 
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portion that is open to relatively large thermal shocks. 
The casting die thus constructed is resistant to heat 
cracks, and will be replaced with new ones less frequently. 
As a result, investments for the casting facility using the 
casting die may be reduced and hence the cost of castings 
produced using the casting die may also be lowered. 



